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OF BITUMINOUS PAVING MIXTURES

 
 

 
CAUTION: Prior to handling test materials, performing equipment setups, and/or conducting this 

method, testers are required to read “SAFETY AND HEALTH” in Section N of this 
method.  It is the responsibility of the user of this method to consult and use departmental 
safety and health practices and determine the applicability of regulatory limitations before 
any testing is performed.

 
 
 
A. SCOPE
 

This method of test, which is a modification  
of AASHTO Designation T 209, covers the 
determination of the theoretical maximum 
specific gravity and density of uncompacted 
bituminous paving mixtures at 25°C.
 
Note 1: The precision of the method is best 
when the procedure is run on samples that 
contain aggregates, which are completely 
coated.  In order to assure complete coating it 
is desirable to run the method on samples 
that are close to the optimum asphalt content.
 

B. REFERENCED DOCUMENTS
 

AASHTO Standard:
 

M 132 - Terminology Relating to Density and 
Specific Gravity of Solids, Liquids, and 
Gases 

T 209 - Theoretical Maximum Specific Gravity 
and Density of Bituminous Paving 
Mixtures 

R 10 - Definitions of Terms for Specifications 
and Procedures

 

 
ASTM Standards:
 
D 4311 - Practice for Determining Asphalt

Volume Correction to a Base
Temperature 

 
 

E 1 - Specification for ASTM Thermometers
 
California Test Methods:

 
CTM 125 - Methods for Sampling Highway 

Materials and Products used in the 
Roadway Structural Sections

 
C. TERMINOLOGY
 

The terms specific gravity and density used in 
this test method are in accordance with 
Terminology M 132.
 
Definitions:
 

1. Density, as determined by this test 
method-the mass of a cubic meter of the 
material at 25°C.

2. Residual pressure, as employed by this 
test method-the pressure in a vacuum 
vessel when vacuum is applied.

 



California Test 309 
April 2002
 
 

-2-

 
3. Specific gravity, as determined by 

this test method-the ratio of a given 
mass of material at 25°C to the mass 
of an equal volume of water at the 
same temperature.

D. SUMMARY OF TEST METHOD
 

A weighed sample of oven-dry paving 
mixture in the loose condition is placed in a  
tared vacuum vessel.  Sufficient water at a 
temperature of 25 ± 4°C is added to 
completely submerge the sample.  Vacuum 
is applied for 15 ± 2 min to gradually 
reduce the residual pressure in the vacuum
vessel to 3.7 ± 0.3 kPa.  At the end of the 
vacuum period, the vacuum is gradually
released. The volume of the sample of
paving mixture is obtained by (Section 
I.5.a) filling the vacuum container level full 
of water and weighing in air.  At the time 
of weighing the temperature is measured 
as well as the mass.  From the mass and 
volume measurements, the specific gravity
or density at 25°C is calculated. If the 
temperature employed is different from 
25°C, an appropriate correction is applied.

E. SIGNIFICANCE AND USE
 

The theoretical maximum specific gravities
and densities of bituminous paving 
mixtures are intrinsic properties whose 
values are influenced by the composition of 
the mixtures in terms of types and amounts 
of aggregates and bituminous materials.
 

1. They are used to calculate values 
for percent air voids in compacted 
bituminous paving mixtures.

2. They provide target values for the 
compaction of paving mixtures.

3. They are essential when 
calculating the amount of bitumen 
absorbed by the internal porosity 
of the individual aggregate 
particles in a bituminous paving 
mixture.

 

 
 

F, APPARATUS
 

Vacuum Container: 
1. Two different vacuum containers

are described. Each must be
capable of withstanding the  
full vacuum applied, and each 
must be equipped with the  
fittings and other accessories 
required by the test procedure 
being employed.  The opening in 
the container leading to the 
vacuum pump shall be covered  
by a piece of 75-µm wire mesh to 
minimize the loss of fine material.
 

2. The vacuum container size 
depends on the minimum sample 
size requirements given in 
Section G.2.  Avoid using a small  

sample in a large container.

3. Vacuum containers for weighing 
in air only. 
a. Type D – An intermediate size 

heavy-wall glass pycnometer 
with a capacity of about
4000 mL. 

b. Type E – A 4500 mL metal  
vacuum pycnometer with a
clear polymethyl
methacrylate (PMMA) lid.

 

 
Balance, with ample capacity, and with 
sufficient sensitivity to enable the specific 
gravity of samples of uncompacted paving 
mixtures to be calculated to at least four
significant figures:  That is, to at least three 
decimal places.

 
Vacuum pump, capable of evacuating air from 
the vacuum container to a residual pressure of 
4.0 kPa.

 
1. A suitable trap of one or more 

2000 mL filter flasks, or equivalent, 
shall be installed between the 
vacuum vessel and vacuum source to 
reduce the amount of water vapor 
entering the vacuum pump.
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FIGURE 4. Curves D and R for E q . 2  

FIGURE 3. Correction Curves for Expansion of Bitumen, H, in Eq. 2
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TABLE 1:  Influence of Temperature Corrections to a Measured Volume at 20°C of a Given Mass of Loose 
Paving Mixture, to Provide the Required Theoretical Maximum Specific Gravity at 25°C.

 
 

Temper
ature

°C

Volume
Loose

Mix at 20°C

Volume
Correction
for Temp
Change

Corrected
Volume at

20°C,

Loose Mix

Mass of
Loose

Mix

Specific Gravity,

Loose Mix

1 2 3 4=2+3 5 6=5/4
31 492.77 0.2046 492.975 1251.3 2.5383
30A 492.77 0.1860 492.956 1251.3 2.5384
29A 492.77 0.1674 492.937 1251.3 2.5385
28A 492.77 0.1488 492.919 1251.3 2.5386
27A 492.77 0.1302 492.900 1251.3 2.5386
26A 492.77 0.1116 492.882 1251.3 2.5387
25A 492.77 0.0930 492.863 1251.3 2.5388
24A 492.77 0.0744 492.844 1251.3 2.5389
23A 492.77 0.0558 492.826 1251.3 2.5390
22A 492.77 0.0372 492.807 1251.3 2.5391
21A 492.77 0.0186 492.789 1251.3 2.5392
20 492.77 0.0000 492.772 1251.3 2.5393
19 492.77 -0.0186 492.751 1251.3 2.5394

 
__________________________________

A Range less than 0.0005.
 
Note 1- Strictly speaking, the above table shows 
that the specific gravity for this particular mix, as 
measured at 20°C just fails to meet the corrected 
theoretical maximum specific gravity at 25°C, 
2.5388 versus 2.5393, that is by 0.0005, and that a 
temperature correction would be required.
 
Note 2- If the measurement for volume had been 
made at 21°C, the table indicates that no 
temperature correction would have been 
necessary, because the measurement at 21°C 
would have satisfied the theoretical maximum 
specific gravity at 25°C, 2.5388 versus 2.5392, a 
difference of less than 0.005.

N. SAFETY AND HEALTH
 

Personnel should use heat resistant gloves
when working with hot materials.  Use
proper

 
lifting techniques when handling bags of 
aggregate.  Reasonable care should be 
exercised to avoid being burned by hot 
asphalt, aggregate or equipment.
 
Prior to sampling, handling materials or 
testing, Caltrans personnel are required to 
read Part A (Section 5.0), Part B (Section 5.0, 
6.0 and 10.0) and Part C (Section 1.0) of 
Caltrans Laboratory Safety Manual and the 
Materials Safety Data Sheets (MSDS) for all 
materials used.  Users of this method do so at 
their own risk.
 
 

End of Text 
(California Test 309 contains  12 Pages)
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